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NATIONAL ADVISORY COMMITTEE FOR AEROMUTICS 


RESEARCH MEMORANDUM 


EFFECTS OF LEADING-EDGE RADIUS OH THE LONGITUDINAL 
STABILITY CHARACTERISTICS OF TWO 60° SWEPTBACK WINGS 
AT HIGH REYNOLDS NUMBERS 
By William C. Schneider 

SUMMARY 


Tests have been completed on two 60° sweptback wings of aspect 
ratios 2 and 3 to provide further information on the influence of leading- 
edge radius on the static longitudinal stability characteristics of swept 
wings. These tests are a continuation of those reported in MCA RM L55FO 6 
and RM L55HOt. The wings had symmetrical 9-percent-thick airfoil sections 
parallel to the root chord with leading-edge radii of 0.89 percent of the 
chord or 1.30 percent of the chord. The wings were tested at Reynolds 

numbers from l.t x 10^ to 10. t x 10^ and at Mach numbers from 0.05 Ira 0.30. 

Little effect on the inflection lift coefficient was noted when the 
leading-edge radius was increased, for wings of both aspect ratios. Small 
Reynolds number effectB were found for the wings of aspect ratio 3> and 
only slightly larger effects were noted for the wings of aspect ratio 2. 

No appreciable Mach number effect was found in the range of these tests. 


INTRODUCTION 


As part of an investigation of the effects of changes in leading- 
edge radius, aspect ratio, sweepback, and Reynolds numbers on the static 
longitudinal stability characteristics of swept wings (refs. 1 and 2), 
tests have been made on two 60 ° sweptback wings of aspect ratios of 2 
and 3 with varying leading-edge radii. The airfoil sections parallel to 
the air stream were MCA 0009-63 and NACA 0009- (7 *25)3 which have leading- 
edge radii of 0.0089c and 0. 0130c, respectively, in planes parallel to the 
airstream. 

Tests were conducted at tunnel pressures of it. 7 and 33 pounds per 
square inch absolute, which permitted ranges of Reynolds number from 
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1.4 X 10 6 to 6.44 X 10 6 (M = 0.063 to M = 0 . 302 ) and 2.27 X 10 6 to 
10. 40 X 10^ (M = 0.046 to M = 0.202), respectively. 

SYMBOLS 



CL inf 


u 


c L 

c m 

^Imax 

A 

b 


c 

M 

q. 

R 

S 

V 

x 


inflection lift coefficient, stable change in pitching moment 
Increasing 


( ^m\ 

V dC V 


inflection lift coefficient, unstable change in pitching 


moment - 


dCj 

dC T 


m 


decreasing 


lift coefficient. 


Lift 

qS 


pitching-moment coefficient about 0 . 25 c, 
maximum lift coefficient 


Pitching moment 
qSff 


aspect ratio, b^/s 
wing span, ft 

local wing chord parallel to plane of symmetry, ft 

1 r b/2 2 

mean aerodynamic chord, — / c d y, ft 

s J-b/2 

Mach number 

free-stream dynamic pressure, ipV^, lb/sq ft 

Reynolds number 

wing area, sq ft 

free-stream velocity, ft/sec 

chordwise ordinate of airfoil section, ft 
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y spanwise coordinate normal to plane of symmetry, ft 

z vertical ordinate of airfoil section, ft 

a wing angle of attack, deg 

sweepback of the quarter-chord line 
p density of air, slugs/cu ft 

MODEL 


The wings tested (fig. l) during this investigation had the following 
geometric characteristics: 


Wing 

a c/4 

A 

Taper 

ratio 

Leading-edge 

radius 

Airfoil 

section 

1 

6o° 

3 

0.500 

0 . 0089 c 

NACA 0009-63 

2 

60 ° 

2 

.636 

. 0089 c 

NACA 0009-63 

3 

60 ° 

3 

• 500 

.0130c 

NACA 0009- (7 -25)3 

4 

60 ° 

2 

.636 

.0130c 

NACA 0009 - ( 7 . 25)3 


It should be pointed out that wings 2 and 4 were made from wings 
1 and 3, respectively, by removing the wing tips. Thus, the taper ratio 
for the wings of aspect ratio 2 differed from that of the wings of 
aspect ratio 3. 

The NACA four-digit series airfoil section (parallel to the air 
stream) was choBen since there was a systematic procedure for varying 
the leading-edge radius, keeping the location and magnitude of the maximum 
thickness constant (ref. 3). The airfoil contours were carefully con- 
structed so that the airfoil sections are believed to be quite accurate. 
Particular emphasis was placed on the leading edge where the contour is 
believed to have been within 0.005 inch (about 0.02 percent chord). 

It can be seen from the airfoil ordinates listed on figure 1, that 
the entire nose shape is altered when the leading-edge radius is changed. 
However, the leading-edge radius is a convenient means of identifying 
the airfoil section and is used as such throughout this paper. 
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TESTS AND CORRECTIONS 
Tests 


Tests were conducted at tunnel pressures of 14.7 and 33 pounds per 
square inch absolute through a large part of the tunnel speed range. 
This permitted Reynolds number and Mach number variations as follows: 


Tunnel pressure, 
lb/sq in. abs 

R 

M 

A = 3 

A = 2 

A = 3 

> 

II 

ro 

14.7 

1.4l x 10 6 
to 

6.32 x io^ 

1.50 X 10 6 

to 6 
6.44 x 10 6 

0.063 to 0.302 

0.067 to 0.284 

33 

2.27 x 10 6 

t0 6 
,9.75 x 10 b 

2.52 X 10 6 
to 

io.4o x io 6 

0.046 to 0.202 

cvj 

0 

CVJ 

• 

0 

0 

•p 

0\ 

• 

0 


The model was supported on the normal two-support system of the 
19-foot pressure tunnel. 


Corrections 


The pitching-moment data and values of angle of attack have been 
corrected for tunnel-wall effects by the method of reference 4. These 
corrections are as follows: 


for the wings of aspect ratio 3 

Ax = 0.967 C l 

ACm = 0.00392 Cl 

for the wings of aspect ratio 2 

Ax = 0.755 C l 
AC m = 0.00158C L 


Since the primary interest In these data was centered on the variation 
of the lift and pitching moment rather than on the absolute values, tests 
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to determine the model support tare and Interference effects were not 
made. However, the zero-lift pitching -moment coefficient and the angle 
of attack at zero lift are an indication of the combined effects of 
model support tare and interference, airstream misalinement, and model 
asymmetry. Assuming these corrections to be independent of lift coef- 
ficient, the lift and pitching -moment curves were shifted by the values 
of the zero-lift pitching moment and angle of attack as a first-order 
approximation. 


The variations of lift and pitching-moment coefficients with angle 
of attack are presented on figures 2 and 3 for the wings of aspect 
ratio 3 end on figures 4 and 5 for the wings of aspect ratio 2. The 
variation of pitching moment with lift coefficient is presented on 
figures 6 and 7 and figures 8 end 9 for the wings of aspect ratio 3 end 2 , 
respectively. 

The effects of leading-edge radius on the pitching-moment charac- 
teristics of the wings of aspect ratios 3 and 2 are illustrated on 
figures 10 and 11, while the effects of Reynolds number on the two wings 
are shown on figures 12 and 13. Mach number effects are shown on fig- 
vires l4 and 15 for the wings under examination. 


The variations of and C-L^nf with Reynolds number are 

shown on figure 16 for the wings of aspect ratio 3 and on figure 17 for 
the wings of aspect ratio 2. The quantities CL 1rif . and Cx^.^ are 

used to designate the lift coefficient beyond which there is a marked 

change in the pitching-moment characteristics, Cl 4 designating an 

xm u 

unstable change, and ^ designating a stable change. For the wing 

6 

of aspect ratio 3 * two curves of are shown since two unstable 

breaks occur. The pitching -moment curves, of course, show two stable 
breaks as well. Only the first and strongest break has been plotted on 
the figure. 


Increasing the leading-edge radius had little effect on Cl. or 

xnr s 

f° r ei ' fc k er wings of aspect ratio 3 or 2 (see figs. l 6 and 17 ) 


'U 


although the trend for the wings of aspect ratio 2 was towards an increase 

in C T with an increase in radius (see ref. 1 ). 

^inf 
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An examination of the pitching-moment variations for the two wings 
(compare figs. 6 and 8 and figs. 7 and 9) indicates that the changes in 
loading (as lift coefficient is changed) are more abrupt for the wing 
of aspect ratio 3 than for the wing of aspect ratio 2. 

The value of showed little change as Reynolds number was 

s 

varied (figs. l6 and 17) for either wing. However, for the wings of 
aspect ratio 3 (of both radii), some significant slope changes occurred 
at higher angles of attack as the Reynolds number was increased (fig. 12), 
a fact which indicated that while the initial point of increase in lift 
was not affected by changes in Reynolds number, the rate of growth (with 
lift) of the increase was affected. The pitching-moment curves for the 
wings of aspect ratio 2 (fig. 13) do not show this dependence upon 
Reynolds number. 

No significant Mach number effect was found for either wing (figs. 14- 
and 15 ) through the range of Mach numbers tested (up to M = 0.30). 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va. , December 7> 1955. 
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Figure 1.- Details of the wings. All dimensions given in inches unless 

otherwise noted. 
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(a) against a; atmospheric pressure. 

Figure 2.- Variation of lift and pitching-moment coefficients of a 60° swept- 
hack wing with angle of attack. Aspect ratio 5j leading-edge radius 0.0130c. 
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(b) Cl against a; pressure, 55 pounds per square Inch. 
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Figure 2.- Continued, 
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(c) C m against aj atmospheric pressure. 


Figure 2.- Continued. 
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(d) C m against a; pressure, 33 pounds per square inch. 


Figure 2.- Concluded, 
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(a) Cl against a; atmospheric pressure. 

Figure 3-- Variation of lift and pitching-moment coefficients of a 60° swept - 
hack wing with angle of attack. Aspect ratio 3i leading-edge radius 0.0089c. 
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(b) Cl against a; pressure, 33 pounds per square inch. 


Figure 3* - Continued, 
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Figure 3.- Continued 
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Figure 3- - Concluded. 
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(a) Cj, against aj atmospheric pressure. 

Figure )+.- Variation of lift and pitching -moment coefficients of a 60 ° swept - 
hack wing with angle of attack. Aspect ratio 2j leading-edge radius 0.0130c. 
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(h) Cl against a; pressure, 35 pounds per square inch, 
Figure 4-. - Continued. 
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C m against a; atmospheric pressure. 

Figure 1)-. - Continued. 
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Figure 4. - Concluded 
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Figure 5 .- Variation of lift and pitching-moment coefficients of a 60° swept- 
back wing with angle of attack. Aspect ratio 2} leading-edge radius 0.0089c 
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(b) Cl against <xj pressure, 33 pounds per square inch, 
Figure %- Continued. 
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(c) Cjn against aj atmospheric pressure. 

Figure Continued. 
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(d) C m against a; pressure, 33 pounds per square inch. 


Figure 5 .- Concluded, 
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(b) Pressure, 33 pounds per square inch. 


Figure 6.- Concluded, 
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(a) Atmospheric pressure. 

Figure 7*- Variation of pitching -moment coefficient with lift coefficient 
of a 60° swepthack wing. Aspect ratio 3; leading-edge radius 0.0089c. 
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(b) Pressure, 33 pounds per square inch. 


Figure 7«- Concluded, 
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(a) Atmospheric pressure. 

Figure 9- - Variation of pitching-moment coefficient with lift coefficient 
of a 60° swepthack wing. Aspect ratio 2j leading-edge radius 0.0089c. 
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(h) Pressure, 33 pounds per square inch. 
Figure 9-” Concluded. 
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(a) Atmospheric pressure. 

Figure 10,- Effect of changes in leading -edge radius from 0.0089c to 
0.0150c on the pitching -moment characteristics of a 60° sweptback 
wing of aspect ratio 5* 
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(t>) Pressure, 55 pounds per square inch, 
Figure 10.- Concluded. 
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(a) Atmospheric pressure. 

Figure 11.- Effect of changes in leading -edge radius from 0.0089c to 
0 . 0150 c on the pitching-moment characteristics of a 6o° sweptback 
wing of aspect ratio 2. 


NACA EM L55LJO 









UJ 

o\ 



c L 



.08 .04 0 


0 

Cm 


O -.04 -.08 


* 


(b) Pressure, 33 pounds per square inch. 
Figure 11.- Concluded. 
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(a) Leading-edge radius 0.0089c. 


Figure 12.- Effect of Reynolds number changes on the pitching-moment 
characteristics of a 60 ° sweptback wing of aspect ratio 3* 
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Figure 12.- Concluded 
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(a) Leading-edge radius 0. 0089c. 

Figure 15.- Effect of Reynolds number changes on the pitching -moment 

characteristics of a 60° sweptback wing of aspect ratio 2. vo 
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(b) Leading-edge radius 0.0130c 
Figure 13.- Concluded. 
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(a) Leading-edge radius 0.0089c. 

Figure lk.- Effect of Mach number on the pitching-moment characteristics 
of a 60° sveptback wing of aspect ratio 3* 


(Td) Leading-edge radius 0.0130c 
Figure 14.- Concluded. 












(a) Leading -edge radius 0.0089c. 

Figure 15 .- Effect of Mach number on the pitching-moment characteristics 
of a 60 ° sweptback wing of aspect ratio 2. 
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(b) Leading-edge radius 0.0150c. 
Figure 15.- Concluded. 
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(a) Wing 5-60-895 
leading-edge radius = 0.0089c. 


Figure l6.- Variation of inflection 

for the wings < 
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(h) Wing 5-60-150; 
leading -edge radius = 0 . 0150 c. 

ift coefficients with Reynolds number 
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